The Ukrainian-born Soviet agronomist Trofim Denisovich Lysenko (1898 Lysenko ( -1976 became widely known at the end of the 1930s due to his campaign against Mendelian genetics and his attempts to revive an ideologically informed version of neo-Lamarckism [1] . Due to the support by Joseph Stalin , this aggressive campaign led to the effective destruction of genetics in the USSR, and the arrest of outstanding geneticists, such as Nikolai Vavilov , who died in a prison (Box 1) [2] . In the aftermath of World War II, Lysenkoism spread over Eastern European countries, which fell under the political influence of the Soviet Union [3] .
For a short period, Lysenkoism became a phenomenon of international significance because of Lysenko's power and the repression of politically unwelcome geneticists and their research. Soviet genetics, evolutionary and developmental biology, as well as related disciplines, were dealt a blow from which they would take long to recover. After Stalin's death in 1953, Lysenkoism gradually lost its devastating power and was, in 1964, condemned both by the Soviet and international scientific community [4] .
Since then, the overwhelming majority of current biologists believe that Lysenkoism belongs to the totalitarian past of a few European countries. Yet, in recent years, Lysenkoism was a neo-Lamarckian idea, claiming that in crop plants, such as wheat, environmental influences are heritable via all cells of the organism. Lysenkoism was applied to agriculture during the Stalin era with disastrous consequences. Despite the triumphs of modern genetics, and the disproval of Lysenkoism, recent years have seen a 're-thinking' of this doctrine in Russia. This disturbing pro-Lysenko movement, which is accompanied by a growing sympathy for Stalin, claims to have its scientific roots in modern epigenetics, specifically the heritability of variation by mechanisms other than changes in DNA sequence. Based on recent research on the model plant Arabidopsis thaliana, its is clear that Lysenkoism has nothing to do with heritable 'epigenetic' modifications. Biologists should defend science against ideological and political interferences.
Russia's new Lysenkoism
Russian scientists have published several controversial books in which a 're-thinking' of the role of Lysenko is demanded. These modern Lysenkoists claim that their hero was a forerunner of epigenetics and aim to re-write the history of biology along these lines [5] . This revival of Lysenkoism in modern Russia may be explained by the collapse of Russian science after the downfall of the Soviet Union in the 1990s and isolationist tendencies in Russia in recent times [6] . An important factor contributing to the re-thinking of Lysenkoism is a recent growth of sympathy towards Stalin and Stalinism among the Russian population. According to studies of Levada-Center (a Russian non-govermental polling center), in 2017 47% of Russians tended to positively view Stalin's personality and managerial skills [7] . As a result, monster-concepts, comprised of ideologies, prejudices and outdated beliefs, which were mistakenly believed to be past and forgotten curiosities of the Stalinist era, are resurrected from their tombs.
The rise and fall of historical Lysenkoism Trofim Lysenko entered the scientific stage in the second half of the 1930s due to his research on Jarovisation, also known as vernalization. Vernalization is a wellknown agricultural phenomenon, whereby seeds of crop plants, such as wheat, are exposed to cold to stimulate their germination. Systematic research on vernalization had been undertaken since the mid19th century. Lysenko claimed that chilling seeds before sowing allowed reducing the vegetation period, and that manipulations with temperature could induce heritable adaptive variation, specifically the ability of the plant to grow in cold areas. Lysenko's research into vernalization promised to make it possible to sow grains in the spring instead of the previous fall, therefore adapting agriculture to severe weather conditions. Furthermore, Lysenko claimed that a winter variety could -through inheritance -be transformed into a spring variety. As a result, Lysenko promised to breed new coldresistant crop varieties in only two to three years. A similar practice is used in Arabidopsis, where seeds are exposed to cold for one day to break dormancy [8] . However, this scientifically proven principle of cold stratification has nothing to do with Current Biology 27, R1037-R1059, October 9, 2017 R1043 Lysenko's concept, which is based on the idea of the inheritance of acquired traits.
The idea that acquired traits can be inherited was the cornerstone of neo-Lamarckism and was widespread in the 19 th and early 20 th centuries. Darwin's own theory introduced the principle of natural selection within a broad theoretical context encompassing a multiplicity of evolutionary mechanisms, including the inheritance of acquired characters [9] . Only the establishment of the Synthetic Theory of Evolution in the late 1930s and 1940s definitely rule out the inheritance of acquired characters from the panoply of evolutionary mechanisms and made it obsolete.
Lysenko's neo-Lamarckism seemed to be able to allow farmers to sow grain in the spring instead of the previous fall. This seemed to make it theoretically possible to use the cold northern parts of the Soviet Union for agriculture. By the mid1930s, Lysenko [10] . Yet, the specificity of Lysenko's neo-Lamarckism was characterized by its extremely speculative nature and by its belated appearance on the international scientific scene. In other words, his biological theory was weak and obsolete at the same time. Rather than on experiments, his arguments were based on compatibility of his views with Marxism-Leninism, such as human nature being malleable and adaptable to revolutionary social changes. In his attempt to present this view as part of a specific tradition, his theory was referred to as 'Michurin-biology', after the Russian horticulturist Ivan Michurin (1855-1935), or later as 'creative Darwinism'.
The beginning of an aggressive campaign against classic academic geneticists coincided with the 'great purge ' (1937-1938) , politically motivated repressions and terror in the USSR. Approximately one and a half million Soviet citizens were arrested, including hundreds of scientists of the first league. Around 700 thousand of all arrested were executed. The number of biologists persecuted at the All-Union Institute of Plant Breeding alone exceeds that of all biologists repressed, emigrated, or killed during the Nazi reign in Germany [11] .
Because of Lysenko's political power, Soviet geneticists abstained from criticizing his theories at their conferences in Moscow in 1936 and 1939. At the same time, Lysenko's movement became well known in the West. In 1937, Nature published a paper entitled Arabidopsis: The model plant Arabidopsis thaliana (Thale cress) has been used to study epigenetic modifications and its potential transmission over subsequent generations. Here, a culture of A. thaliana cv Columbia-0 is shown (mature, flowering sporophytes). Thousands of plants, i.e., large populations, are cultivated in greenhouses for genetic studies. The plants are propagated via self-fertilization. He is best known for his law of homological series in the inheritance of variability, which made plant breeding more predictable, and for his theory of the origin of cultivated plants.
R1044 Current Biology 27, R1037-R1059, October 9, 2017 'Genetics and Plant Breeding in the USSR' [12] . The author reported that "the fourth session of the Lenin Academy of Agricultural Sciences, held in Moscow at the end of 1936, witnessed a determined campaign against genetics as the main basis of scientific plant breeding", and concluded that "Lysenko's theory is nothing but Lamarckism in its simplest form" [12] . By accepting neo-Lamarckian mechanisms, Lysenko attributed inheritance to all components of the living cell, rejecting any discrete hereditary factors, such as germ cells or genes. According to this postulate, genes do not exist and classical geneticsdismissively called 'MendelismMorganism-Weismannism' -were regarded inconsistent with the philosophy of dialectical materialism, the cornerstone of Marxist-Leninist theory. Morganism was seen by the champions of Lysenkoism as an idealist teaching as opposed to Michurinism reflecting objective facts crucial for dialectical materialism. Lysenkoists rejected the notion of random inheritance and opposed it to the idea of controlled redesigning of plants, animals, microorganisms, and nature in general. In the vision of Lysenko, changing environmental conditions immediately induced directed, heritable modifications within all the cells of any organism. This unfounded pseudo-theory had apparent consequences of practical value. For example, it predicted that early flowering of winter varieties of wheat, induced by prolonged cold, is a heritable trait that can be manipulated by changing environmental conditions. Based on this wrong assumption, Lysenko concluded that a kind of induced hereditary change depends on environmental influences and can be pre-programmed. He thought that the 'Morganist' chromosomal theory of heredity was wrong and should be thrown out [13] .
In addition, Lysenko postulated that there is no difference, in principle, between sexual and graft hybridization between vegetative parts of plants. His experiments on 'vegetative hybridization' -the growing together of a scion and the rootstock in plant grafts -presupposed that a newly acquired set of characters can be transmittable to progeny by grafting, and that there is no difference between sexual and vegetative hybrids. For Lysenko, 'vegetative hybridization' played a special role, as it allegedly demonstrated that the transmission of hereditary information is possible without gene flow, because "chromosomes are not transmitted from the stock to the scion (or other way around), whereas hereditary features can be transmitted and will be transmitted" [13] . However, this idea was proven wrong already by his contemporaries [14] .
Lysenko's contemporary, Leo Sachs, from the School of Agriculture at Cambridge tried to repeat one of the experiments on 'vegetative hybridization' in tomato plants. The shape of leaves and color of fruit provide especially useful contrasting traits for such experiments. In 1949, Sachs successfully grafted eighty tomato plants and observed no transfer of properties of leaf-shape or fruit-color to either scion or stock. When in the next year he sowed the seeds of the grafted plants, he observed no changes in the progeny [14] .
In the Communist world, Lysenkoism began to fully blossom after World War II. In the first years of the Cold War, this ideology received some support also in European countries, including East Germany, France and Italy, as well as in Mexico and especially Japan [4] . For instance, East German Lysenkoist Georg Schneider , director of the Ernst Haeckel House and professor of theoretical biology, tried to contribute to the growth of evolutionary theory by experimenting with axolotls [15] . Schneider's experiments were aimed at changing hereditary characters through external influences and proving the basics of 'Michurinist' (Lysenkoist) biology. Schneider grafted whole organs or organ parts onto an animal of the same or a different species in the hope that the newly appeared characters would become heritable. For example, in one of the experiments a small white axolotl was placed under the dorsal fin of a black axolotl. Schneider interpreted results of his axolotl experiments in Lysenkoist terms.
The Lysenko-inspired session of the All-Union Academy of Agricultural Sciences of the Soviet Union in 1948 marked a new wave of political repression. As a consequence of Lysenkoism, thousands of biologists lost their positions, some of them were prosecuted. Soviet genetics, which had until then been of the highest international standard due to researchers such as Sergei Chetverikov (1880-1959), Georgy Gause (1910-1986), Nikolai Timoféeff-Ressovsky and Nikolai Vavilov, experienced unprecedented damage. For the almost decades during which Lysenko ruled Soviet biology, his method of administrative and political pressure on science and agricultural practice failed to increase the yields of cultivated plants. Lysenko 
failed
Grafting axolotls: Experiments to evaluate Lysenkoist concepts using the Mexican axolotl (Ambystoma mexicanum). Georg Schneider , who conducted these experiments, claimed that one animal developed rather normally on the back of the other animal. His aim was to change hereditary characters through environmental influences using a grafting method [15] . From: G. Schneider (1947 
Revival of Lysenkoism in today's Russia
One of the most disturbing trends in current Russian science is the socalled 're-thinking' of the historical role of Lysenkoism. There is a growing body of literature reasssessing or even fully rehabilitating the erroneous ideas of Lysenko. The phenomenon became internationally known thanks to the 2016 book Lysenko's Ghost by the American historian of science Loren Graham [5] . Graham claims that the popularity of modern epigenetics, as well as the growing influence of the Russian Orthodox Church and sympathies to Stalin, significantly contributed to the revival of Lysenko's views. However, the picture is more complex.
The first to alert the public to the new rise of Lysenkoism was a Russian embryologist, Leonid Korochkin, who published a short overview in the influential newspaper Literaturnaya Gazeta [16] . In his article, Korochkin blamed mysticism and ignorance, spreading in Russian society, for the growth of Lysenkoism and other pseudo-scientific teachings. In the second half of the 2000s, a series of seemingly scholarly publications appeared with the objective to rehabilitate Lysenko and to discredit Vavilov. Initially, pro-Lysenkoist books were published by authors that have little connection to biology or the history of science.
Subsequently, however, scientists with degrees in biology, agriculture or medicine joined the campaign. For example, Lysenko's former PhD student, Petr Kononkov, published an edited volume entitled Trofim Denisovich Lysenko, Soviet Agronomist, Plant Breeder, Biologist [17] . Another book by Kononkov by the title Two Worlds, Two Ideologies [18] takes Lysenko into the general context of competing Western and Soviet/Russian ideologies. Remarkably, Kononkov's book was sponsored by the Federal Agency on Press and Mass Communications, an executive organ of the government, established in 2004 by decree of the President. With respect to the interpretation of historical and biological data, the latter book is plainly Stalinist and Lysenkoist. Kononkov imagined Lysenko as a patriotic humanist with a worldview deeply rooted within the Russian Orthodox culture, though the Orthodox Church in no way supports the neo-Lysenkoist doctrine. In these and other similar books by Kononkov and his co-authors Lysenko appeared as a true patriot and great scientist who was ahead of his time. Lysenko's concepts, such as the theory of Jarovisation and vegetative hybridization, they argue, were close to practical needs of agriculture. In one of his publications, entitled Lysenko's Contribution to the Victory in the Great Patriotic War [19] , the author states that Lysenko's innovations were meant to solve the food problem in the periods of famine when the country lacked adequate academic, material, financial and human resources. Nicolai Vavilov, on the contrary, is presented by neoLysenkoists as an orthodox academic writer, who did not appreciate applied aspects of biological research, and accordingly wasted resources for questionable purposes. In that sense, this first wave of neo-Lysenkoism looked like the continuation of old controversies around Lysenko and Vavilov, which appeared to have been solved several decades ago.
The most recent version of neoLysenkoism is, however, much more inclusive. The current enmity between Russia and the West contributed to bolstering of pro-Lysenko arguments, adding ideological overtones. Thus, in Two Worlds, Two Ideologies, geneticists over the globe with an international publication record are depicted as pseudo-scientists and charlatans, performing tasks assigned to them by globalist agendas that are hostile to Russia. Opponents of Lysenko are called 'traitors of the nation' [18] . According to Kononkov, Lysenkoism corresponds to the current geopolitical interests of Russia. The editor of this book, German Smirnov, educated as an engineer, is known for his anti-Semitic claims. He maintains that Zionism was the main anti-Lysenkoist power not only in Russia, but all over the world [20] .
Proceeding [28] . In modern genetics, epigenetics and developmental and evolutionary biology, Lysenkoism is completely irrelevant.
The following example may illustrate this conclusion. In the most recent version of the multi-author textbook Plant Physiology and Development [29] , the laboratoryworkhorse of plant geneticists, Arabidopsis thaliana, is introduced. In their discussion of conventional DNA mutations (changes in DNA sequence) as opposed to spontaneous 'epigenetic' changes (such as methylation of DNA-bases), the authors note that 'epi-mutations' are more frequent than classical mutations that are transmissible to the next generation. Despite the fact that some environmentally induced changes are heritable, these effects are not stable [30] . Specifically, it has been shown that in large populations of Arabidopsis most 'epi-mutations' are labile -after only a few generations, these basepair methylations revert to their original state. Hence, epigenetic modifications in plants are of very limited significance for evolutionary processes. Accordingly, neoLamarckian (including Lysenkoist) concepts have been experimentally refuted by these trans-generational epigenetic analyses [30] .
The re-emergence of Lysenkoism in Russia today is a disturbing phenomenon. There are many collections, research institutes, experimental stations, gardens and farms founded by Vavilov within the Academy of Science. A campaign for discrediting Vavilov and rehabilitating Lysenko could lead to a redistribution of these properties. Besides, a few modern Russian biologists received school education at Lysenko's time and remember that he was considered a great scholar. Some of his pupils and the pupils of pupils along with relatives of Lysenko are contributing to the rehabilitation of their hero.
Another important factor is the rise of anti-scientific sentiment in Russia expressing itself in creationist and anti-GMO movements. A gap in science education, which appeared in the 1990s to early 2000s, is accompanied by the declining influence of professional historians of science in Russia. The new history of science is being written in blogs and non-peer-reviewed media. Professional criticism of these publications is usually overlooked by the general public. All this is accompanied by a general growth of sympathies towards the dictator Joseph Stalin.
Even the critics of historical and modern Lysenkoism often overlook that Lysenko's theory is first of all an ideological construction. For example, in a paper on epigenetics, Heard and Martienssen [31] claim that "it is perhaps no accident that the inheritance of acquired traits was first proposed by botanists, most famously by Jean-Baptiste Lamarck and most infamously by Trofim Denisovich Lysenko". Yet, Lysenkoism is first of all a method of inserting ideology into scientific discussions. This is true for historical Lysenkoism, which appealed to Marxism-Leninism to prove Mendelian genetics wrong. Likewise, neo-Lysenkoists, who employ geopolitical and religious concepts to substantiate their views, misuse biological theories and to "corroborate" their irrational conclusions. Lysenkoism and modern epigenetics are unrelated topics, despite recent claims to the contrary. Is epigenetics a "Lysenkoism for the molecular age" [32] ? It isn't.
